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MANNED SPACE FLIGHT NUCLEAR SYSTEM SAFETY
VOLUME VII-LITERATURE REVIEW




NATIONAL AERONAUTICS AND SPACE ADMINISTRATION




Valley Forge Space Center
P. 0. Box 8555 • Philadelphia, Penna. 19101
G E N E R A L ^ E L E C T R I C
A B S T R A C T
This volume of the Manned Space Flight Nuclear System Safety Study covers the work per-
formed under the Literature Review Task. The objectives of this task were to:
1. Identify and evaluate for potential application to the study the existing related
literature
2. Provide the information required to include the related literature in NASA's Aero-
space Safety Research and Data Institute (ASRDI) located at NASA Lewis Research
Center.
This report outlines the approach taken to the Literature Review Task, lists the documents
reviewed, identifies the study categories to which they have potential application, and con-
tains copies of the ASRDI forms prepared for the NASA ASRDI Library. The literature
search evaluated more than 15, 000 documents for possible use in the program and prepared




The establishment and operation of large manned space facilities in earth orbit would consti-
tute a significant step forward in space. Such long duration programs with orbital stay times
of up to ten years would benefit the earth's populace and the scientific community by provid-
ing:
1. A flexible tool for scientific research.
2. A permanent base for earth oriented applications.
3. A foundation for the future exploration of our universe.
Specifically, the NASA objectives include earth surveys and scientific disciplines of astron-
omy, bioscience, chemistry, physics and biomedicine, as well as the development of tech-
nology for space and earth applications.
Operational and design requirements, of large manned space vehicles, differ from those of
the Mercury, Gemini, and Apollo programs. Of particular interest are the radiation sur-
vivability and nuclear safety requirements imposed by nuclear power reactors and isotopes
and the long term interaction with the natural radiation environment.
The General Electric Company under contract to NASA-MSFC (NAS8-26283) has performed
a study entitled "Space Base Nuclear System Safety" for the express purposes of addressing
the nuclear considerations involved in manned earth orbital missions. The study addresses
both operational and general earth populace and ecological nuclear safety aspects. The pri-
mary objective is to identify and evaluate the potential and inherent radiological hazards as-
sociated with such missions and recommend approaches for hazard elimination or reduction
of risk.
Work performed utilized the Phase A Space Base designs developed for NASA by North
American Rockwell and McDonnell Douglas as baseline documentation.
The study was sponsored jointly by NASA's Office of Manned Space Flight, Office of Ad-
vanced Research and Technology, and Aerospace Safety Research and Data Institute. It was
performed for NASA's George C. Marshall Space Flight Center under the direction of Mr.
Walter H. Stafford of the Advanced Systems Analysis Office. He was assisted by a joint NASA
and AEC advisory group, chaired by Mr. Herbert Schaefer of NASA's Office of Manned Space
Flight.
The results of the study are presented in seven volumes, the titles of which are listed in
Table A. A cross-reference matrix of the subjects covered in the various volumes is pre-
sented in Table B.
























Space Base Nuclear Safety
Space Shuttle Nuclear Safety
Space Base Preliminary Nuclear Safety Analysis
Nuclear Safety Analysis (PSAR)
Appendix-Alternate Reactor Data (CRD)
Reactor System Preliminary Nuclear Safety Analysis
Reference Design Document (RDD)
Accident Model Document (AMD)
Accident Model Document - Appendix
Nuclear Safety Analysis Document (NSAD) .
Space Shuttle Nuclear System Transportation
Space Shuttle Nuclear Safety
Terrestrial Nuclear Safety Analysis
Nuclear System Safety Guidelines
Space Base Nuclear Safety
Space Shuttle/Nuclear Payloads Safety
Space Base Nuclear System Safety Plan
Literature Review




















This study employs the International system of units and where appropriate the equivalent
English units are specified in brackets. A list of Conversion Factors and a Glossary of
Terms is included in the back of each volume.
Table B. Study Area Cross Reference
* [T] PRIMARY DISCUSSION
Q SUMMARY OR SUPPLEMENTAL
DISCUSSION









Mission Support Nuclear Safety
Orbital Operations Nuclear Safety
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Approach to Literature Review Task













Abstract Sources . . . .
Document Sources . . . .
Documents Reviewed During Study.










A literature review was conducted as part of the Space Base Nuclear System Safety Study
to accomplish the following objectives:
• Identify and evaluate for potential application to the study the existing related
literature.
• Provide the information required to include the related literature in NASA's Aero-
space Safety Research and Data Institute (ASRDI) located at NASA Lewis Research
Center.
Part 1 of this volume outlines the approach taken to the Literature Review Task, and lists




A P P R O A C H
The approach taken to the Literature Review Task is shown in Figure 2-1 and each of the
steps are described below.
STEP 1 - DEFINE CATEGORIES AND SUBCATEGORIES
Early in the program, General Electric prepared a proposed list of categories and subcate-
gories on which the literature search would be based. This proposed list was reviewed and
approved by NASA. The approved categories/subcategories are presented in Table 2-1.
STEP 2 - LITERATURE SEARCH
In Step 2, a literature search was performed against the categories/subcategories estab-
lished in Step 1. The information sources searched are presented in Table 2-2. The princi-
pal output of this search was a list of report titles by category/subcategory.
In many cases, the search provided, in addition to the report titles, all or part of the
following information: orginating organization, date of issue, document number, and an
abstract. This literature search identified over 15, 000 potentially applicable documents.
STEP 3 - FIRST SCREENING
The report titles generated by the literature search were reviewed to judge the potential
applicability of each document to the study. This first screening was performed by the
Literature Review Task Leader who consulted other program personnel in order to reach a
decision on questionable documents. Those documents that obviously had no application to
the study were dropped from further consideration. Those documents that appeared to have
potential application or for which insufficient information was available to make a judgement








































































































































































































Table 2-2. Information Sources Searched
General Electric Government and Other
NASA Safety Information Locator (SIL)
files maintained for NASA's use in Daytona
Beach, Florida by Apollo Systems.
Space Systems and Re-entry and Environ-
mental Systems Libraries located at
Valley Forge and Philadelphia, Pa.,
respectively.
Nuclear Systems Programs libraries
located at Valley Forge, Pa., and Even-
dale, Ohio.
Vallecitos Nuclear Center Library main-
tained at Valley Forge, Pa., by GE's
Phase B Space Station team.
Technical Library located in Schenectady,
New York.
NASA's Information System - STAR
AIAA's International Aerospace Abstracts
(IAA)
Defense Documentation Center
USAEC's Division of Technical Information
and its branches
University of Pennsylvania Library,
located at Philadelphia, Pennsylvania
Sandia Library located at Albuquerque,
New Mexico.
STEP 4 - SECOND SCREENING
The second screening consisted of an abstract review, where abstracts were readily avail-
able, for each document that passed the first screening. The abstract sources used are
identified in Table 2-3. The abstracts were reviewed by the Literature Review Task Leader
and a judgement made regarding the applicability of the document to the study. When
necessary, the Literature Review Task Leader consulted with other program presonnel in
order to reach a decision on questionable documents. Those documents that definitely did
not have application to the study were not considered further. Those documents that (1) still
appeared to have potential application, (2) for which an abstract was not readily available, or
(3) for which insufficient information was available to make a judgement were retained on the
active list.
At completion of the first and second screenings, the original 15, 000 documents had been
reduced to approximately 975.
2-4
Table 2-3. Abstract Sources
NASA Safety Information Locator (SIL)
GE-Valley Forge Space Center Library Cards
GE-Nuclear Systems Programs Library Cards
NASA STAR
AIAA's International Aerospace Abstracts (IAA)
DDC Searches
Nuclear Science Abstracts
Various Accession Lists with Abstracts (REIC, etc.)
Documents
STEP 5 - PROCURE DOCUMENTS
In Step 5, copies of those documents remaining on the potentially applicable list were ob-
tained. Approximately seventy-five percent of these documents were available within the
General Electric Library System. Another fifteen percent were obtained from outside
sources and approximately ten percent of the documents could not be acquired. Table 2-4
lists all the sources from which documents were actually obtained. As copies of these
documents were received they were placed in a library filing system for use by the study
team.
STEP 6 - TASK LEADER REVIEW
Copies of the documents remaining in the potentially applicable category were supplied to the
task leader(s) responsible for the technical task to which the document might apply. Each
task leader then reviewed the documents applicable to his area and determined if the docu-
ment contained information useable in the study.
All of the documents reviewed in Step 6 are listed in Section 3, Table 3-1.
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Table 2-4. , Document Sources
General Electric Government and Other
NASA Safety Information Locator (SIL)
Library maintained for NASA's use in
Daytona Beach, Florida by Apollo
Systems
Space Systems and Re-Entry and En-
vironmental Systems Libraries located
at Valley Forge and Philadelphia,
Penna., respectively.
Nuclear Systems Programs libraries
located at Valley Forge, Pa., and
Evendale, Ohio.
Space Station/Base Library maintained
at Valley Forge, Pa., by GE's Phase B
Space Station team.
Technical Information Series (TIS)
Library located in Schenectady, N. Y.
NASA's Information System - STAR
American Institute of Aeronautics and
Astronautics - Technical Information
Service.
Defense Documentation Center
USAEC's Division of Technical Informa-
tion and its branches.
University of Pennsylvania Library
located at Philadelphia, Penna.
North American Rockwell Company -
Space Division, Downey, Calif.
McDonnell-Douglas Astronautics
Company, Huntington Beach, Calif.
Boeing Company, Huntsville, Alabama
Personal contacts in NASA and the AEC.
STEP 7A - CRITICAL REVIEW
ASRDI forms were completed, including the critical review section, for each document con-
taining material actually used in the study. These forms provide the descriptive data re-
quired to include a document in the NASA Aerospace Safety Research and Data Institute
Library.
STEP 7B - PARTIAL REVIEW
ASRDI forms were partially completed for those documents reviewed in Step 6 but not actually
used in the study.
2-6
Copies of the completed and partially completed ASRDI forms generated under Steps 7A and
7B respectively are contained in Part 2 of Volume VII. An example of a completed ASRDI
form is presented in Figure 2-2.
STEP 8 - FINAL REPORT
Finally, the information generated under the Literature Review Task was summarized in
this final report.
2-7/8
SPACE ENVIRONMENT CRITERIA GUIDELINES FOR USE IN
SPACE VEHICLE DEVELOPMENT
AERDI FORM 1O2A JULY 1970
Col Col Col Col Col Col Col Col
6n6nd]Li6 i f ]
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NEW SUBJECT (INDEX) TERMS
NEW IDENTIFIERS
ABSTRACTS/CONTENTS OF PROCEEDINGS , ETC.
PERTINENT FIGURE REFERENCES & DESCRIPTION




NASA, MSFC, AEROASTRODYNAMICS LABORATORY
NASA TM X— S3957 j






1101 , 1115, 1116 1
, LljCS», CSPACE E N V I R O N M E N T - CRITERIA - GUIDELINES) (SPACE E N V I R O N M E N T — SPACE VEHICLE -





INTERPLANETARY, TERRESTRIAL, IONOSPHERE, RADIATION E N V I R O N M E N T , METEORITE E N V I R O N M E N T
, , , , » , GEOMAGNETIC ENVIRONMENT, CISLUNAR, MOON, MERCURY, VENUS, MARS, J U P I T E R , SATURN , URANUS,
, , , . « , N E P T U N E , PLUTO, SOLAR FLARE, SOLAR CYCLE
, MJ.I... SPACE PROGRAM, SPACE ENVIRONMENT,
1
This document provides a cross section of natural environment data for use as Design criteria
guidelines in space vehicle development programs.
i'
Specifically, information is provided in the disciplinary areas of atmospheric and ionospheric
properties, radiation, solar cycle predictions geomagnetic field, astrodynamic constants, and
meteoroids for the earth's atmosphere above 90 kilometers, interplanetary space, and the atmos-
pheres and surfaces (when available) of the moon and the planets (other than earth) of this solar
system. The current MSFC upper atmosphere model and solar cycle prediction routines are
described in detail. '
I
In compiling this document, extensive use has been made of the technical contributions and
review comments furnished by personnel at the Marshall Space Flight Center, the Manned Space-
craft Center, NASA Headquarters, and other government agencies.
In this revision of TM X-53957, referenced as the "Second Edition," only minor revisions
and corrections have been made to the criteria originally published. The general location of the
• revisions and corrections is noted by vertical lines in the right-tin n<) margin. This Second Edition
. supersedes all earlier published versions.
CONSIDERED TO BE THE MOST UP TO DATE DOCUMENT ON SPACE ENVIRONMENT CRITERIA FOR SPACE
VEHICLES. 'i





Table 3-1 lists all of the documents reviewed in Step 6 of the Literature Review Task. The
documents are grouped by originating agency and listed alphabetically. The title, document
number, and date of issue are summarized for each report. In addition the study categories/
subcategories,as previously shown in Table 2-1, to which the document had potential appli-
cation are identified. Each document is assigned an ASRPI category/subcategory number(s)
and the ASRDI temporary form number identified.
The NASA-ASRDI and the study categories are listed in Table 3-2 for use in conjunction
with Table 3-1. Most of the documents of interest in this study fell under Category 11
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STUDY LITERATURE REVIEW CATEGORIES
















































































































































































(SAFETY FIELDS OF CONCERN)
01 MECHANICS OF STRUCTURAL FAILURE
02 MAN- MACHINE HAZARD?
03 STRUCTURAL MATERIALS LIMITATIONS (METALLIC
NONMETALLIC)
04 PRCPELLANTS. FUELS, LUBRICANTS. HYDRAULIC
FLUIDS SAFETY
05 CRYOGENIC SAFETY
06 FIRE. EXPLOSION AND DETONATIONS
07 AEROSPACE EXPLOSIVES. PYROTECHNICS AND
INITIATORS
08 AIRCRAFT PROBLEMS






INDUSTRIAL SAFETY MANUALS. COOES,
SPECIFICATIONS. STANDARDS. ETC.
SAFETY ANALYSIS
01 GENERAL SAFETY CRITERIA AND OPERATING
PROCEDURES
02 NUCLEAR FACILITIES
03 GROUND TRANSPORTATION AND HANDLING OF
RADIOACTIVE MATERIALS
04 AEROSPACE SAFETY (LAUNCH. TRAJECTORY.
DOCKING AND RE-ENTRY)
05 HAZARD ANALYSIS. SAFETY ANALYSIS.
RADIATION ANALYSIS AND DESIGN REPORTS
06 REACTOR TRANSIENTS. KINETICS. AND
STABILITY
07 FISSION PRODUCT RELEASE, TRANSPORT
AND REMOVAL
NASA-ASRDI CATEGORIES
SUBCATIGORIES UNDER CATEGORY II





CONTAINMENT OF NUCLEAR MATERIALS
SPACE SYSTEM SAFETY FEATURES
RADIOCHEMICAL AND RADIOISOTOPE SAFETY
RAOIONUCLIDE RELEASE AND MOVEMENT AND
THE ENVIRONMENT
ENVIRONMENTAL SURVEYS. MONITORING AND
RADIATION HAZARDS AND EFFECTS TO
MAN. POPULACE AND ECOLOGY
METEOROLOGICAL CONSIDERATIONS
FAILURE MOOES AND CONSEQUENCES
MATERIALS COMPATIBILITY AND AGING
ACCIDENT INCIDENT REPORTS
3-51/52
CONVERSION F A C T O R S












































































































Premature and abrupt termination of an event or mission because of existing or imminent
degradation or failure of hardware. (In the safety analysis, no distinction is made between
an accident and abort.)
An undesirable unplanned event which may or may not result from a system failure or mal-
function.
Radioactive gases, vapors and participates released to the air.
Fuel elements, coolant loops, pressure vessel, core, or radiation shield are (a) physically
torn by thermal or mechanical stresses, (b) cut open by fragmentation or (c) split open by
internal pressures.
Radiation causing atomic displacement in semiconductor devices - sometimes commonly
referred to as "crystal" damage.
A condition where a radioactive material is mixed or adheres to a desirable substance or
where radioactivity has spread to places where it may harm persons, experiments or make
areas unsafe.
Rotation of the control drums or drum toward or away from the most reactive position within
a reactor. (As used in safety analysis results in a reactor excursion.)
The act of increasing the density of the core which results in increased reactivity and possible
criticality.
A gas blanket used to provide an inert atmospheric environment around hardware to minimize
potential reactions which can give rise to accident situations.
12An event having a relative or cumulative probability of occurence of > 10 .
The act of obtaining and sustaining a chain reaction.
The mass of fissionable material necessary to obtain criticality.
Sometimes referred to as "Mission probability" is the overall probability of a sequence of
events occurring (product of "relative probabilities" of the individual events along a path of
an abort sequence tree).
Same as "Breached".
The removal of undesired dispersed radioactive substances from material, personnel, rooms,
equipment, air, etc. (e.g., washing, filtering, chipping).
An excursion (safety analysis assumes ~ 100 MW-sec) accompanied by a complete disassembly
of the reactor, a prompt radiation emission and release of fission product gases, vapors and
participates.
Nuclear hardware (e.g., reactor) which has been violently broken or separated into parts and
not capable of forming a critical mass.
The planned discarding or recovery of nuclear hardware.
The spread of nuclear fuel and radioactive debris on the earth's surface following impact or
destructive excursion.
Established radiation levels used in the nuclear safety analysis for evaluating number of
exposures and in determining operating limits and boundaries.
Techniques used in the measurement of radiation.
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Impact in Deep Ocean
Impact in Reservoir





An experiment radiation effect where the flux rate above some threshold (a fraction of the ex-
periment signal-to-noise ratio at maximum sensitivity, for electronic detectors) causes
noticeable degradation of data quality.
Attempted disposal of the reactor prior to its successful completion of 5 years operational
lifetime.
All components (heat source, regulation, control, power conversion and radiators) necessary
for the development of electrical power. The reactor electrical power system includes all
hardware associated with the Power Module with the exception of the Disposal System.
Generally associated with the termination of the mission or flight. Is also used to define those
activities involved with disposal and recovery of hardware after intended lifetime.
A rapid and usually unplanned increase in thermal power associated with the operation of a
power reactor.
Total accumulated or time dependent radiation exposure limits imposed on personnel by regula-
tory agencies or limits which preclude equipment damage.
The nuclides (quite often radioactive) produced by the fission of a heavy element nuclide such
as U-235 or Pu-239.
Fissionable material in a reactor or radioisotopes in a heat source used in producing energy.
A shaped body of nuclear fuel prepared for use in a reactor or heat source. Common usage
involves some form of encapsulation.
Fuel element clad and/or fuel removed by reentry heating, releasing fission products to the
atmosphere.
Individual fuel elements beneath the ground surface completely covered by soil.
The compartment of the reactor shield which houses the major primary loop components.
Particles deposited on the ground from radioactive fallout.
An existing situation caused by an unsafe act or condition which can result in harm or
damage to personnel and equipment.
The location and/or origin of the hazard.
Very early reentry of the reactor (e.g., misaligned thrust vector which causes firing of the
reactor disposal rockets toward earth resulting in 1-2 day reentry).
Reentering and/or impact of nuclear material in the ocean, beyond the Continental Shelf where
contamination of the food chain is extremely remote.
Reentering and/or impact of nuclear material in reservoir containing potable drinking water.
Reentering and/or impact of nuclear material on the Continental Shelf or in a body of
water such as a lake, river or stream where contamination of the food chain is likely.
A nuclear system that retains its integrity upon impact and in the case of a reactor is capable
of undergoing an excursion.
The total dose resulting from all or repeated exposures to radiation.
Any defined module, spacecraft, booster or logistic vehicle which may have an interaction
with the Manned Space Base.
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Radiation causing surface damage in materials (e.g., the fogging of film).
Nuclear hardware which impacts land at terminal velocities following reentry and lower velo-
cities during prelaunch or early in the launch/ascent phase.
Loss of organic or liquid metal coolant in reactor coolant loops due to failure/accident.
Supporting functions provided the Space Base Program by ground personnel and interfacing
vehicles throughout all mission phases.
Material used in a nuclear reactor to slow down neutrons from the high energies at which they
are released to increase the probability of neutron capture: Water and hydrogen are modera-
tors in a thermal reactor.
An alloy of sodium (22% by weight) and potassium (78%) used as a liquid metal heat transfer
fluid.
Represents no hazard to the general populace.
An event having a relative or cumulative probability of occurrence of < 10
not worthy of concern.
-12 Considered
A temperature excursion which may rupture the primary coolant loop and release fission pro-
ducts to the environment but - leaves the reactor shield essentially intact.
Planned and anticipated mission activities and events.
Immersion of reactor in an hydrogenous medium (moderator) resulting in increased neutron
reflection into the core causing a reactor excursion.
Enacting provisions which preclude reactor criticality under all foreseeable circumstances.
A material that absorbs neutrons and reduces the reactivity of a reaotor.
The complete reactor/shield, radiator, power conversion system and disposal system unit as
provided on the Space Base.
Any reentry of the reactor from Earth orbit with orbital lifetimes less than the planned (1167
year) orbital decay time of the 990 km disposal altitude.
A poison which is added to the reactor fuel for purposes of controlling reacticity. Sometimes
referred to as "burnable poison".
The neutron and gamma radiation released coincident with the fission process as opposed to the
radiation from fission product decay. Commonly associated with an excursion event.
A term used to describe the condition when a reactor periodically goes critical and then sub-
critical due to water surging in and out of the core.
The radiation exposure effect on personnel and the ecology from a radiation release accident or
event.
Hazards associated with radiation as differentiated from other sources.
The term used to define the average number of people anticipated to be affected by radiation
in a given mission or phase thereof.
The uncontrolled non-directed reentry of a vehicle from orbit.
A measure of the departure of a reactor from critical such that positive values correspond to
reactors super-critical and negative values to reactors which are sub-critical. (Usually ex-
pressed in multiples of a dollar.)
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Reactor/shield is completely disassembled by reentry heating, releasing individual fuel ele-
ments and structural debris to the atmosphere.
Reactor is not disassembled by reentry heating; radiation shield may be damaged.
A system containing the reactor, control drums, gallery and surrounding LiH and Tungsten
shield.
Probability of the occurrence of a particular event given a defined set of choices.
Consists of (a) physically repairing all faulty systems, or (b) complete replacement of the
faulty system(s).
Same as "Breached".
Freedom from chance of injury or loss to personnel, equipment or property.
Condition(s) such that environment, personnel error, design characteristics, procedural
deficiencies, or subsystem or component malfunction will severely degrade system perform-
ance, and cause subsequent system loss, death, or multiple injuries to personnel (SPD-1A).
Condition(s) such that environment, personnel error, design characteristics, procedural
deficiencies, or subsystem or component malfunction will cause equipment damage or per-
sonnel injury, or will result in a hazard requiring immediate corrective action for personnel
or system survival (SPD-1A).
Condition(s) such that environment, personnel error, design characteristics, procedural
deficiencies, or subsystem failure or component malfunction will degrade system perform-
ance but which can be counteracted or controlled without major damage or any injury to
personnel (SPD-1A).
Condition(s) such that personnel error, design characteristics, procedural deficiencies, or
subsystem failure or component malfunction will not result in minor system degradation and
will not produce system functional damage or personnel injury (SPD-1A).
A separate, possibly automatic, mechanism used to rapidly shut down a reactor.
The optimum degree of risk management within the constraints of operational effectiveness,
time and cost attained through the application of management and engineering principles
throughout all phases of a program.
All aspects of the Space Base mission including all prime and support hardware and personnel
both on the ground, at sea or in orbit, which are required throughout all mission phases.
Uncontrolled radioactive or non-radioactive man-made objects in space; these objects may
present collision and radiation hazards to earth orbital missions.
The manned vehicle used for the transportation of cargo to and from earth orbit. A sepa-
rately launched vehicle (booster) on which the Shuttle is placed provides the initial first
stage thrust.
Characterization of a radiation hazard with regard to (a) location, (b) magnitude, and
(c) exposure mode.
Material in which isotopes of an element may be incorporated to make possible observation
of the course of the element through a chemical, biological or physical process.
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